Neurotransmitter release occurs at active zones, which are specialized regions of the presynaptic membrane. A dense collection of proteins at the active zone provides a platform for molecular interactions that promote recruitment, docking, and priming of synaptic vesicles. At mammalian neuromuscular junctions (NMJs), muscle-derived laminin ␤2 interacts with presynaptic voltage-gated calcium channels to organize active zones. The molecular architecture of presynaptic active zones has been revealed using super-resolution microscopy techniques that combine nanoscale resolution and multiple molecular identification. Interestingly, the active zones of adult NMJs are not stable structures and thus become impaired during aging due to the selective degeneration of specific active zone proteins. This review will discuss recent progress in the understanding of active zone nanoarchitecture and the mechanisms underlying active zone organization in mammalian NMJs. Furthermore, we will summarize the age-related degeneration of active zones at NMJs, and the role of exercise in maintaining active zones.
Introduction
A neuromuscular junction (NMJ) is a chemical synapse formed between a presynaptic motor neuron and a postsynaptic muscle cell. These synapses ensure efficient signaling between the two cells through the regulated release of neurotransmitters. The exocytotic release of neurotransmitters occurs at specific sites on the presynaptic membrane that are termed active zones. At the ultrastructural level, active zones appear as electron-dense projections on the presynaptic membrane where synaptic vesicles fuse for sub- * Corresponding author.
E-mail address: hnishimune@kumc.edu (H. Nishimune). sequent exocytosis (Couteaux and Pecot-Dechavassine, 1970; Tsuji, 2006) . Electron microscope tomography has revealed that active zones in frog NMJs are elongated structures, and the way synaptic vesicles attach to the active zone makes them appear as "pearls on a string" (Harlow et al., 2001) . Active zones in mammalian NMJs are much smaller than those of frog NMJs and are distributed in a discrete and scattered pattern within each presynaptic terminal (Nagwaney et al., 2009; Rowley et al., 2007) . Presynaptic active zones perform the following functions involved in accurate and efficient neurotransmitter release: (1) dock and prime synaptic vesicles; (2) recruit voltage-gated calcium channels (VGCCs); (3) contribute to the precise, exactly opposite locations of pre-and postsynaptic specializations; and (4) mediate presynaptic plasticity (Südhof, 2012) . The first three concepts are relevant for the active zones of NMJs. This review will focus on recent findings regarding https://doi.org/10.1016/j.neures.2017.11.014 0168-0102/© 2017 Elsevier Ireland Ltd and Japan Neuroscience Society. All rights reserved.
